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Abstract 
In this paper an attempt is made to conjunct the meteorological parameter of Relative Humidity with Established Activities and 
land use changes we in an environmentally stressed area in Thriasio Plain – Greece. For this purpose relative humidity data from 
1958 to 2011 was used. In order to examine the growth of the number of established activities over time and the consequent 
change in land use a Verhulst equation model and two simple regration models were used. Models results for established 
activities in the area are marked by a continuous growth, though the rate varies among the different local authorities. In addition, 
what appears to have played a significant part in the evolution of activities and residential zones of the area is the land surface 
available in each one of the local authorities.  
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of HAICTA  
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1. Introduction 
The constant population growth and the concentration of activities in the urban agglomeration of the capital 
during the post-war period were spatially expressed as a continuous expansion of the built–up agglomeration 
towards the periphery. This led to the occupation of a large part of the urban as well as the greater regional area of 
the prefecture of Attica due to land use and activities directly or indirectly linked to urban operations. Consequently, 
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the borders between urban and suburban areas become indiscernible, suburban areas lack a consistent character 
(either urban or rural) and are characterized by diffusion and interference of frequently incompatible land uses, 
leading to the alteration as well as degradation of natural environment and, furthermore, to wasting space, 
infrastructures and investments. In the case of Attica, the urban development model was extremely destructive, due 
to the rapid development rate mainly occurring during the post-war period. In the last 20 years the aforementioned 
phenomena are rather intense within the suburban area of the metropolitan conglomeration, with the intensity rising 
in the area of Mesogeia (East Attica), Thriasio Plain (West Attica) and alongside the coastline. This development is 
attracted and supported by the existence or potential construction of large infrastructure facilities within the region of 
Attica (ports, a new airport, transport axes), however, at the same time creating the need to build more 
infrastructures to serve these new facilities. The attempt to control these arising problems led to the adoption of 
several town and urban planning measures, the most important of which were the following: a) Presidential Decree 
of 1979, which, for the first time, defines a general completeness of land at 20 acres (a Greek unit of land area, equal 
to 1000 square meters) based on legislation and essentially prohibits the fragmentation of land, b) P.D. 791/1981 on 
the definition of areas to receive industrial units in Attica with attached diagrams for the first time, c) Basic Law 
1337/1983 on Urban Planning with the provision of General Urban Plans (GUPs) and Controlled Development 
Zones (CDZs), additional to legislation, together with executive orders, e.g. on off-plan building, d) P.D. 84/1984 on 
authorized industrial uses within Attica, and also e) Law 1515/85 on the Master Plan of Athens, setting the main 
development aims for the greater area of the capital.  
The pressure for building development and for finding areas for establishing production activities impedes efforts 
for a consistent urban planning. Since the end of the 18th century, West Attica has been associated with the history 
of development of the industrial sector in Greece. Situated in Thriasio Plain, are some of the most advanced 
industrial units of great economic interest of the country. Today, Thriasio Plain consists of 3 Municipalities (Elefsis, 
Aspropyrgos and Mandra) and one Community (Magoula), located 20 km from Athens, with a population of about 
80,000 residents and an important concentration of manufacturing and logistics units. The economically active 
population of Thriasio Plain comprises 32% of the total population, of which 10% works in the primary sector 
(agriculture), 65% in the secondary sector (industry – manufacturing) and 25% in the tertiary sector (services – 
trade) [1, 2, 3].  
In this paper an attempt is made to conjunct the meteorological parameter of Relative Humidity with Established 
Activities and land use changes in an environmentally stressed area in – Thriasio Plain–Greece, the growth of the 
number of established activities over time and the consequent change in land use. This meteorological parameter is 
important to study in relation to the land use changes, because it is a source of humidity for agriculture cultivation 
and for thermal comfort conditions, especially during long hot Greek summer [3].  
2. Materials and Methods 
The data used, covering the period from 1958 to 2011, were provided from the Hellenic National Meteorological 
Service and refer to Elefsis station (LGEL). Data includes monthly and annual average values relative humidity.  
In order to examine the growth of the number of established activities over time and the consequent change in 
land use a Verhulst equation model and two simple regration models (R–1 & R–3) were used. Also Rate Growth 
was calculated. For the aforementioned research, census data were used [4].  
3. Results and Discussion 
The meteorological data set was divided in two new set. A climatologically set from 1960 – 1990 and a new set 
from 1991 – 2011 in order to examine the evolution of the RH. Then we calculate the relative frequency between 
those two data sets categories. The RH shows a clear continuous decline during the last 20 years (Fig. 1a). There is a 
significant shift to lower monthly and annual values of RH, especially during last 20 years. The above results 
confirmed by a statistically significant value (-3.62) of the Mann-Kendall test (Fig. 1b), whereas the crossing of the 
stepwise curves u(t) and u’(t) suggests the turn point year to be 1972.  
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Fig. 1. a) Relative Humidity classification in two time periods in Elefsis (LGEL). b) Mann-Kendall test suggests the turn point year to be 1972. c) 
Monthly values of Relative Humidity for 1958–2011 time period.  
The industrialization of the area and the transformation of land from rural into industrial resulted in changes in 
the land uses, as it occurred without any previous planning, through a series of constant classification and 
declassification of minor and major areas as industrial zones and vice versa. Thriasio Plain is characterized by an 
unregulated development of various activities, since residence, agriculture, industry and port facilities co-exist 
within the same environment with the road network crossing the cities. The establishment of these activities in the 
area took place without any prior construction of necessary infrastructures. In addition, establishment of these 
activities taking place in the entire plain area was unregulated and arbitrary. More than half of the industries are 
located outside the statutory industrial zones. As a result, production units are scattered across the area, lacking a 
service network, whereas at the same time resident quality of life is gradually degrading. This phenomenon led to 
the emergence of environmental problems (air and water pollution, soil pollution and overall degradation of the 
quality of life of residents) and their gradual long-term deterioration [5, 6, 7, 8].  
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Fig. 2. a) Verhulst equation model, two regration models (R–1 & R–3) and rate growth showing the evolution of Established Activities in 
Thriasio Plain from 1920 – 2011. b) Aspropyrgos, c) Elefsis, d) Mandra, e) Magoula  
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The study of time evolution of the number of activities in the area is of particular interest. Because available data 
on activities refer to only five time points (Actual Activities, Fig 2.), it is necessary to approach time evolution of 
these figures using a mathematical relation, enabling calculations on any time point. This evolution can be described 
via a Verhulst equation model (Calc Activities and Verhulst, Fig 2.) and two second–order multinomial relation (R–
1 & R–3). Also Rate Growth (r) for Verhulst equation was calculated. Model results are displayed in Figure 2. 
Based on these results, it is estimated that the number of activities reached 3900 in 2007. Following a similar 
process, a model was developed in order to estimate the possible number of activities per Local Authority Region 
(LAR) per annum, for the period 1969 – 2011.  
Results show that the evolution of activities has not been consistent in all LARs, presenting significant 
differences. The LAR which received the largest number of established activities was Aspropyrgos, following a 
change of land uses (e.g. change from rural or agriculture to urban use). This happened due to the fact that the 
specific area provided the necessary land surface, contrary to other LARs, in which no similar surface was available, 
or the land was not suitable for establishing activities, such as the land of Mandra. Elefsis appears to have reached 
its limits, whereas Magoula also presents limited options for development. Until the middle 80s, the three initially 
smallest LARs presented similar change rates of activities. Thereafter, however, the LAR of Aspropyrgos has shown 
more significant change rates. Elefsis experienced the most abrupt rate increase, whereas the greatest rate increase 
was observed in Aspropyrgos.  
4. Conclusions 
The results for the relative humidity demonstrate a very significant reduction.  
The Mann – Kendal test identified a very significant reduction in relative humidity.  
This conclusion is consistent with intense land use change in the area of interest, and is due to a shift in the 
management of surface waters used for crops irrigation in the region.  
The rapid establishment of new production units, wholesale units as well as logistics centers resulted in the shift 
in land use, in many cases occurring arbitrarily with no previous planning thus leading to the degradation of natural 
environment and quality of life of the area’s residents. Also, degradation of agriculture and irrigation affect relative 
humidity [9].  
Established activities in the area are marked by a continuous growth, though the rate varies among the different 
local authorities. In addition, what appears to have played a significant part in the evolution of activities and 
residential zones of the area is the land surface available in each one of the local authorities.  
Both decrease of Relative Humidity and increase of Established Activities in the area, seems to have a common 
tart point.  
In order to avoid the aggravation of problems related to the quality of environmental and social life in the area 
continues monitoring of the situation and a new development plan is required for the whole area.  
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